Abstract Postmenopausal women with breast cancer (BC) are at increased risk for bone loss. Bisphosphonates improve bone mineral density (BMD) in normal postmenopausal women. The purpose of this study was to determine if immediate treatment with zoledronic acid preserves BMD in postmenopausal women with BC starting letrozole after tamoxifen. Postmenopausal women with BC completing tamoxifen were treated with daily letrozole 2.5 mg/vitamin D 400 I.U., calcium 500 mg twice daily and were randomized to upfront or delayed zoledronic acid 4 mg every 6 months. Patients in the delayed arm were only given zoledronic acid if they developed a post-baseline BMD T score\-2.0 or had a fracture. The primary endpoint was the mean percent change in lumbar spine (LS) BMD at 1 year. About 558 women enrolled; 395 provided 1 year BMD data. The upfront arm experienced a mean change of ?3.66% in LS BMD versus -1.66% for the delayed group (P \ 0.001). Changes at the femoral neck/total hip were also greater for the upfront versus delayed arms (P \ 0.001; P \ 0.001) with differences persisting at 2 years. Patients in the delayed arm were more likely to experience a clinically meaningful 5% loss of BMD at all sites versus the upfront zoledronate group. Patients in the upfront arm were slightly more likely to report limb edema, fatigue, fever, nausea and jaw osteonecrosis(1%). Upfront zoledronic acid prevents bone loss in postmenopausal women with BC starting letrozole after tamoxifen.
Introduction
Postmenopausal women with breast cancer are at increased risk for osteoporosis as annual rates of bone loss increase in the first few years after menopause. Estrogen, with or without progesterone, may prevent this decline in bone mineral density (BMD) and the subsequent progression to osteoporosis. The effect of estrogen is mediated through a reduction in osteoclast activity by increasing osteoclast apoptosis and reducing osteoclast differentiation [1] . This treatment, however, is generally not recommended in breast cancer patients because of the strong hormonal influence derived from the estrogen and progesterone receptors that are found in most breast malignancies.
Selective estrogen receptor modulators (SERMs) like raloxifene may be used for the prevention of osteoporosis in normal postmenopausal women or those at high risk for breast cancer. However, the role of raloxifene in postmenopausal women with a history of breast cancer has not been defined. Tamoxifen, the most commonly used SERM for the treatment of breast cancer, has been reported to improve BMD in postmenopausal women by an annual rate of 1.2% in the spine and 1.7% at the hip [2] .
Several trials have demonstrated the efficacy of aromatase inhibitors as adjuvant hormonal therapy for postmenopausal breast cancer patients, either after initial therapy with tamoxifen or in place of tamoxifen [3] [4] [5] [6] [7] [8] . Aromatase inhibitors (AI) prevent aromatase, an enzyme found in peripheral adipose tissue, from converting androgens into estrogen. While AIs improve disease free survival in hormone receptor positive breast cancer patients compared to tamoxifen, decreases in BMD occur with this intervention, with an estimated 2 year bone loss at the lumbar spine of 4-5% and at the hip of about 4% [9, 10] .
Women who begin an aromatase inhibitor following initial therapy with tamoxifen are thus at risk for bone loss both from the withdrawal of the protective effect of tamoxifen and from the negative effect of the AI itself. Therefore, a need exists for a treatment that will prevent the bone loss that may be associated with the use of AIs and to increase BMD in postmenopausal women with breast cancer.
Bisphosphonates have been approved in the United States for the prevention and treatment of osteoporosis in normal postmenopausal women as well as for the management of bone lesions in women with advanced breast cancer. Zoledronic acid is a highly potent nitrogen-containing bisphosphonate that is an effective inhibitor of osteoclastmediated bone resorption. In normal postmenopausal women, it increases BMD by 4-5% at the lumbar spine and 3-4% at the femoral neck, compared to placebo, and is effective with intermittent administration [11] . It also bypasses the potential disadvantages of the oral route used by other bisphosphonates, which may include poor bioavailability, gastrointestinal intolerance, and inadequate compliance. While zoledronic acid may preserve the BMD of postmenopausal women with breast cancer who are scheduled to begin therapy with an aromatase inhibitor after initial tamoxifen therapy, the efficacy and safety of this intervention had not previously been evaluated in this setting.
Materials and methods
This study was conducted by the North Central Cancer Treatment Group (NCCTG) after approval by the National Cancer Institute (NCI) and the local Institutional Review Boards from participating sites. Informed written consent was obtained from all participants prior to enrollment. The study was primarily funded by the NCI, with supplemental funding provided by Novartis, who had no involvement in the conduct of the study.
Study population
Eligible study participants were postmenopausal women with a history of Stage I-IIIa, estrogen and/or progesterone receptor positive breast cancer who had completed B6 years of tamoxifen, and had no evidence of recurrent or metastatic disease. Postmenopausal status was defined as women [55 years with cessation of menses, women B55 years with spontaneous cessation of menses [1 year or women with bilateral oophorectomy. Women B55 years, with no spontaneous menses for \1 year but with postmenopausal estradiol levels were also eligible. Patients must have been accessible for follow-up, must have had a life expectancy of C5 years, and must have had an ECOG performance score of 0-2. Laboratory studies obtained within 30 days prior to randomization must have included a white blood cell count of C3,000 (3.0 9 10 9 /l) or granulocyte count of C1,500 (1.5 9 10 9 /l), platelet count of at least 100,000 (100 9 10 9 /l), alkaline phosphatase no more than three times the upper limit of normal, AST (asparate aminotransferase) no more than three times the upper limit of normal, and creatinine of \2.0 mg/dl. Oral bisphosphonates must have been discontinued [3 weeks prior to randomization.
Exclusion criteria included clinical or radiological evidence of recurrent or metastatic disease before randomization, clinical or radiological evidence of existing fracture in the lumbar spine (LS) and/or total hip (TH), history of fracture with low-intensity or no associated trauma, any endocrine therapy (including estrogen) within the last 12 months other than tamoxifen, insulin, oral hypoglycemics, thyroid hormone, or steroid inhalers. Treatment was not allowed with systemic corticosteroids within the last 12 months (other than short-term corticosteroid therapy as defined by doses for \2 weeks in the preceding 6 months), parathyroid hormone for [1 week, systemic sodium fluoride for [3 months within the preceding 2 years or other current treatment with drugs known to affect the skeleton (i.e. calcitonin, mithramycin, or gallium nitrate) within 2 weeks prior to randomization. Also excluded were prior treatments with intravenous bisphosphonates, prior AI therapy, prior exposure to anabolic steroids or growth hormone B6 months, previous or concomitant other malignancy B5 years (except adequately treated basal or squamous cell carcinoma of the skin and in situ carcinoma of the cervix), uncontrolled infections, diabetes mellitus, or thyroid dysfunction. Additional exclusions were uncontrolled seizure disorders, baseline LS or femoral neck (FN) BMD T score worse than -2.0, treatment with systemic investigational drugs and/or devices B30 days or topical investigational drugs B7 days prior to randomization, mental illness that precluded the patient from giving informed consent, hypercalcemia, hypocalcemia, or known hypersensitivity to zoledronic acid or other bisphosphonates, letrozole, calcium or vitamin D.
Study design
This was a two-arm, randomized, phase III open-label trial designed to assess whether upfront zoledronic acid would prevent bone loss in postmenopausal women with breast cancer initiating therapy with an AI after tamoxifen. All patients were assigned to take letrozole 2.5 mg daily, vitamin D 400 international units daily, and calcium 500 mg twice daily. Patients were randomized to receive zoledronic acid upfront versus zoledronic acid being delayed until either a post-baseline T score of \-2.0 at either the LS or FN was obtained, a clinical fracture unrelated to trauma was found, or an asymptomatic fracture was discovered. All doses of zoledronic acid were provided intravenously over 15 min at a dosage of 4 mg. Doses were given every six months for 5 years or until breast cancer recurrence. The dosage of zoledronic acid was adjusted for a creatinine clearance \60 ml/min, such that patients with a creatinine clearance of 50-60 ml/min received 3.5 mg zoledronic acid, those with a creatinine clearance of 40-49 ml/min received 3.3 mg zoledronic acid, and those with a creatinine clearance of 30-39 received 3.0 mg zoledronic acid. Patients were to receive letrozole for 5 years or until breast cancer recurrence. The use of ancillary treatments including short-term corticosteroids were allowed, except for treatments that would be expected to affect osteoclast activity, additional anticancer therapy, other bisphosphonates (other than the study medication), calcitonin, sodium fluoride, parathyroid hormone, tibolone, or any investigational drug or device (excluding study medications). Patients were stratified by duration of prior tamoxifen, time since tamoxifen use, prior adjuvant chemotherapy, and baseline BMD T scores.
The primary endpoint was the mean intra-patient percent change in total LS BMD from baseline to 12 months. Secondary endpoints included the mean change in LS BMD from baseline to 24, 36, 48, and 60 months poststudy entry. The incidence of osteoporosis on each treatment regimen was calculated. Osteoporosis was defined as a standardized BMD score of at least 2.5 standard deviations below the age and gender-specific normal at any measured site. Since a 5% difference in intra-patient BMD scores from baseline was defined as clinically significant and indicative of an important loss of bone density, the incidence of this event in each treatment arm was calculated. Hip BMD was compared across treatment arms in the same manner as described for LS BMD. The incidence of bone fractures was also compared across treatment groups, as was the frequency and severity of toxicity reported, using the NCI Common Toxicity Criteria (CTC).
The change in bone density was assessed by measuring BMD by dual-energy x-ray absorptiometry (DEXA) devices at the LS and FN at baseline and annually thereafter out to 5 years. Initial X-rays of the lumbar and thoracic spine were performed at baseline to exclude patients with evidence of fracture. Repeat x-rays or bone scans were performed during the course of the patient's participation to confirm evidence of clinical fracture, or at month 36 if there was no clinical evidence of fracture. Patients were assessed at each visit for disease progression. Further testing to confirm progression was performed as clinically indicated and patients were discontinued from study if they had disease progression.
Statistical analysis
Analysis of the primary endpoint was carried out by comparing the average values of the intra-patient change in LS BMD between the two treatment arms with the Wilcoxon Rank Sum test. A two-sample t-test with 250 patients per treatment arm was estimated to have 90% power to detect a difference of 2.9% in the average percent change from baseline in LS BMD between the treatment groups with a 5% Type I error rate. The sample size was inflated by 10% to account for missing data, to try to produce 500 evaluable cases for the primary endpoint. Regression models used to incorporate covariates produced results consistent with the primary analysis. The average change in the LS BMD at years 2-5, as well as the average change in the FN and total hip (TH) BMD at years 1-5 between the two treatment arms were compared via twosample t-tests analogous to the primary analysis. The annual incidence rates for osteoporosis, bone fractures, and a clinically significant decrease in BMD between the two treatment arms was compared via chi-square testing. Toxicity rates were compared across treatment groups using chi-square testing.
Results
Between February, 2005 and March, 2006, 558 patients were enrolled. There were seven cancellations, five on the upfront arm and two on the delayed arm. About 120 patients went off study for reasons which included patient refusal, adverse events, disease progression, and death. Of these, 34 provided BMD data at baseline and 1 year. One patient on the upfront arm did not provide usable BMD data. This left 395 patients with data available for the primary analysis (one year change in BMD at the LS). A total of 310 provided BMD data at 2 years. Figure 1 depicts the flow of data. Patients ranged in age from 36 to 88 years with a median age of 59 years. The distribution of baseline factors by treatment arm is outlined in Table 1 .
Bone mineral density results
The upfront zoledronic acid arm had a statistically significantly higher average change (mean 0.04 vs. -0.02; P \ 0.001) and average percent change (mean 3.66% vs. -1.66%; P \ 0.001) in LS than the delayed zoledronic acid arm (Table 2) . This difference between treatment arms was maintained at 2 years, with the change in LS BMD (mean 0.05 vs. -0.03; P \ 001) and percent change (4.94% vs. -2.28; P \ 0.001) showing a statistically significant higher value in the upfront zoledronic acid arm.
At the FN, the upfront zoledronic acid arm had significantly higher values for both change and percent change at both 1 and 2 years (Table 3) than the delayed arm. The average change in TH BMD and percent change at 1 and 2 years post baseline were also significantly higher in the upfront treatment arm than the delayed arm.
A 5% intra-patient decline in BMD at 1 year was defined as a clinically meaningful loss of bone density. The upfront zoledronic acid arm had a statistically significant lower incidence of a clinically meaningful loss of bone density at the LS, FN or TH than did the delayed arm (Table 4 ). There were fewer reports of osteoporosis (defined as a standardized BMD score of at least 2.5 standard deviations below the age and gender-specific norm at any measured site) in the upfront treatment arm than the delayed arm (0 vs. 4), although this was not a statistically significant difference. During the first year, 19 patients (7%) in the delayed arm started zoledronic acid while 32 (12%) started zoledronate within the first 2 years.
Toxicity
At 6 and 12 months, there was a significant difference in the reported incidence of fever between the two treatment arms (higher incidence in the upfront group), consistent with this known short term toxicity after a dose of zoledronate. During the first 6 months, (Table 5) there was also a difference in the reported incidence of nausea and vomiting (higher in the upfront group). At 1 year, the maximum grade of creatinine, limb edema, fatigue, fever, and nausea was higher in the upfront group than the delayed group (Table 6 ). For all other adverse events, there was no significant difference between treatment arms.
One patient on the upfront arm was diagnosed with osteonecrosis of the jaw (ONJ) within 8 weeks of her first dose of zoledronic acid. This diagnosis was made by an oral surgeon who saw the patient for evaluation of ''exostoses'' that had been present for several weeks. Several areas of exposed bone were noted. She was treated with antibiotics and advised to avoid using her lower denture. Complete resolution occurred within 5 months. There were no reports of ONJ in the delayed arm. 
Discussion
This randomized clinical trial demonstrated that upfront treatment with zoledronic acid prevented bone loss in postmenopausal women with breast cancer treated with letrozole after patients had received tamoxifen. The patients who did not receive upfront zoledronic acid lost a mean 1.66% bone density at the LS at 1 year. However, upfront therapy with zoledronic acid not only prevented this bone loss but was associated with an increase of 3.66% at the LS at 1 year. This 5% difference in BMD at 1 year between the two treatment arms is considered clinically meaningful, since a loss of 10% BMD may double the fracture risk. Although a comparison of fracture rates was a secondary endpoint in this study, at this early time point, there are not a sufficient number of fractures in either group to provide a clinically reliable statistical analysis. However, all other endpoints used in the trial for the purposes of sensitivity analysis produced consistent results regarding the finding that upfront treatment with zoledronic acid provides a statistically significant improvement in BMD at 1 year. Notably, patients treated with delayed zoledronic acid were between two and seven fold more likely to experience a clinically meaningful loss of bone density compared to the immediate treatment group (Table 4) . The results from this study are consistent with previously published reports that bone density declines in postmenopausal women who begin therapy with an AI [9, 10] , an effect that may be augmented by the withdrawal of the protective effect of tamoxifen. This appears to be because aromatase inhibitors suppress the anti-resorptive effect of estrogen on osteoclasts, an effect that can be overcome by inhibition of osteoclast activity with zoledronic acid, supported by the results from this study. The prevention of bone loss with upfront zoledronic acid therapy is also consistent with results from the Z-FAST trial, which found that BMD in the LS was 4.4% higher in women, at one year, treated with upfront zoledronic acid than those randomized to delayed therapy [12] .
Changes in the BMD may serve as a marker of fracture risk [13] such that improvements in bone density over time may reduce the fracture risk. Although an accurate assessment of the effect of upfront zoledronic acid on fracture risk cannot be made with either this study or the results from the Z-FAST trial, this may be due to a relatively short follow-up time. Ongoing analyses of fracture rates will evolve with longer duration of follow-ups in both of these studies. However, previous studies of bisphosphonate therapy in postmenopausal women, including studies of alendronate, risedronate, and zoledronic acid [14] [15] [16] have shown a reduction in osteoporosis-related fracture rates that corresponds to an increase in BMD.
Toxicity profiles between treatment arms indicated that as many as 5% of patients might experience some toxicity from zoledronic acid, although the toxicities were generally mild and there were no differences in the incidence rates of severe toxicity at one-year of follow-up.
ONJ has been recognized as a potential complication from chronic intravenous or high dose bisphosphonate therapy, including zoledronic acid. In this study, one patient, randomized to the upfront arm, experienced ONJ within the first 2 months of treatment. While this adverse event is likely related to the use of zoledronic acid, its occurrence so soon after a first dose of zoledronic acid is unusually rapid.
This study thus demonstrates an advantage of immediate treatment with zoledronic acid in preventing bone loss in postmenopausal women on letrozole for breast cancer. The size of the observed effect was sufficiently large and consistent across multiple endpoints, including measurement approach and site, such that these results should be considered to be definitive. While it could be argued that these results support the upfront use of zoledronic acid at the onset of aromatase inhibitor therapy, it could also be argued that such a recommendation should await determination of whether upfront zoledronic acid prevents bone fractures significantly better than does delayed use of this medication, if/when the patient develops significant bone loss.
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